Expression and activation of proteases in co-cultures.
The present study concerned the expression and activation of metalloproteinase-2 (MMP-2), metalloproteinase-9 (MMP-9) and the urokinase plasminogen activator/urokinase plasminogen activator receptor (uPA/uPAR) system in co-cultures of human colon carcinoma cell spheroids (HT29, LS180, SW948) with human normal colon epithelium (CCD 841 CoTr), myofibroblasts (CCD-18Co) and endothelial cells (HUVEC). Additionally, the influence of monensin on the production and function of the proteases was tested. Tumor cells expressed small amounts of MMP-2, MMP-9 and uPA. Normal cells generally produced proportionally higher concentrations of these proteases (especially MMP-2, compared with significantly smaller yields of MMP-9 and significantly lower amounts of uPAR than tumors. In co-cultures of tumor spheroids with normal cell monolayers, the concentration of the proteases was equal to the sum of the enzymes produced in monocultures of both types of cells. The highest activity of uPA, measured as the reduction of the chromogenic substrate (S-2444), was detected in supernatants and lysates of endothelial cells. Interestingly, in normal cells, the higher expression of proteases, mainly uPA, measured as the level of protein concentration, was closely linked with their lower activity and inversely, in tumor cells, the low level of the expression of the enzymes correlated with their high enzymatic activity. In zymography analysis, mainly pro-MMPs were detected both in culture supernatants and cell lysates. The highest amounts of active forms of the MMPs were detected in tumor spheroids co-cultured with endothelial cells. Monensin inhibited MMPs and uPA secretion but significantly increased uPAR release, mainly from normal cells. In conclusion, during direct interactions of tumor cells with normal cells, MMPs and the uPA/uPAR system play an important role in the degradation of ECM and tumor development, but as we found, there is a reverse relationship between the concentration and the enzymatic activity of MMPs and uPA/uPAR in co-culture models.